Linear equation of motion for a both-ends supported pipe (Païdoussis and Issid, 1974) : dimensionless flow velo y cit U : dimensionless mass para r mete β : dimensionless gravity parameter γ ( ) Linear results for a both-ends supported pipe
• The system loses stability by divergence.
• Dodds and Runyan (1965) and others confirmed this by experiment.
• Païdoussis and Issid (1974) found that linear theory predicts post-divergence coupled-mode flutter.
• But, the work done by the fluid on the pipe in a presumed cycle of oscillation is zero.
First-mode divergence

Second-mode divergence
Coupledmode flutter
Holmes' model for a both-ends supported pipe (1978) ( )
"Pipes supported at both ends cannot flutter." 
• Nonlinear moment-curvature relationship • Gravity forces • Generally the flow can be unsteady, but here its is assumed to be steady Nikolić and Rajković study (2006) • Lyapunov-Schmidt reduction and singularity theory
• The system behaviour in the vicinity of the pitchfork bifurcation point was studied.
• Super-or sub-critical pitchfork bifurcations are possible, depending on the system parameters.
Method of solution Two coupled PDEs
A set of 2 nd order ODEs
Galerkin's technique FDM: Houbolt's finite difference method (Semler et al., 1996) AUTO: A package for continuation and bifurcation problems in ordinary differential equations. (Doedel and Kernéves, 1987) A typical bifurcation diagram Here: Γ = 1200, Π = 0, Π 0 = 1000.
Summary
• Post-divergence behaviour of a pipe conveying fluid and supported at both ends was studied by using the complete extensible nonlinear model.
• No secondary bifurcation was observed.
• The dependence of the pitchfork bifurcation point and the amplitude of buckling on the system parameters was studied.
• The possibility of the existence of sub-critical pitchfork bifurcations was investigated
